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© Sputtering target used for forming quinary superconductive oxide. 

© A target used for forming a thin film of a quinary superconductive oxide contains metal copper ranging 
between about 8 % and about 40 % by volume dispersed into a quaternary or a quinary complex ox.de, and the 
metal copper improves the thermal conductivity and the electrical conductivity of the target, so that cracks are 
less liable to take place in the target and the target is applicable to a d.c. sputtering system, thereby decreasing 
the production cost of the thin film. 
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SPUTTERING TARGET USED FOR FORMING QUINARY SUPERCONDUCTIVE OXIDE 

FIELD OF THE INVENTION 



This invention relates to a target used in a sputtering system and, more particularly, to a target used for 
5 a superconductive film of a quinary superconductive oxide. 

BACKGROUND OF THE INVENTION 

70 

Many attempts are made for depositing a quinary superconductive oxide in such as, for example, the 
thallium-barium-calcium-copper-oxide (Tl-Ba-Ca-Cu-O) system or the bismuth-strontium-calcium-copper- 
oxide (Bi-Sr-Ca-Cu-O) system on an insulating substrate. The sputtering technique is an attractive candidate 
for the formation of the quinary superconductive oxide, and, for this reason, various targets are proposed for 

75 use in the sputtering system. 

. One of the formation processes starts with preparation of raw powders of thallium oxide, barium 
carbonate, calcium carbonate and copper oxide, and these powders are about 10 microns in average 
diameter. The raw powders are regulated to a predetermined proportion, and .then, mixed to produce a 
mixture. The mixture is calcined in a sealed vessel at 600 degrees to 700 degrees in centigrade for a 

20 certain time period, and the calcined product is pulverized into a powder. The calcining stage and the 
pulverizing stage are repeated twice or three times, thereby forming a powder of a superconductive oxide in 
the thailium-strontium-calcium-copper-oxide system. The powder of the superconductive oxide is formed 
into a target by using a hot -pressing technique. Namely, the powder is pressurized at 100 kgf/cm 2 to 200 
kgf/cm 2 and subjected to a heat treatment in a vacuum ambient less than 10~ 3 torr at 800 degrees to 900 

25 degrees in centigrade for a time period ranging from an hour to four hours. The target thus formed 
substantially consists of a quinary oxide in the thaflium-barium-calcium-copper-oxide system or a composite 
of the quinary oxide and copper oxide equal to or less than 20 % in volume. The reason why the copper 
oxide is intentionally included in the target is that the composition of the target is hardly transferred to the 
deposited film under certain sputtering conditions and, for this reason, the copper oxide is previously 

30 supplemented to the powder of the superconductive oxide. 

The formation of the target of the quinary superconductive oxide in bismuth-strontium-calcium-copper 
system traces the similar process sequence to that described above. Namely, a mixture is prepared from 
raw powders of bismuth oxide, strontium carbonate, calcium carbonate and copper oxide which are about 
10 microns in average diameter. A powder of lead oxide may be further mixed into the mixture. The mixture 

35 is calcined at 700 degrees and 800 degrees in centigrade for a certain time period, and the calcined 
product is pulverized into a powder. These are repeated twice or three times, thereby finally producing a 
powder of superconductive oxide in the bismuth-strontium-calcium-copper-oxide system. With the super- 
conductive oxide powder, a target is formed by using a hot-pressing technique in the aforementioned 
conditions. The target thus produced is substantially composed of a superconductive oxide in either 

40 bismuth-strontium-calcium-copper or bismuth-strontium-calcium-copper-oxide system. If the excess copper 
oxide is previously into the mixture so as to adjust the composition of the deposited oxide film, the target 
contains the copper oxide equal to or less than 20 % by volume. 

However, a problem is encountered in the prior art' target in production of cracks due to thermal stress. 
This is because of the fact that the prior art target is. small in thermal conductivity, and, for this reason, a 

45 large difference in temperature takes place between both sides of the target in the service conditions. The 
large difference in temperature results in thermal stress which is causative of the cracks. The cracks 
deteriorates the production yield and, accordingly, increases the production cost of the deposited film. 

The prior art target is further small in electric conductivity, so that the prior art target is merely 
applicable to an expensive r.f. sputtering system. This also increases the production cost of the deposited 

so film. 

Another problem inherent in the prior art target is brittleness. The operator is requested to carefully 
handle the brittle target, however, the operator sometimes makes human errors. This results in destruction 
of the target, and, for this reason, the production cost of the deposited film further tends to be increased. 
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SUMMARY OF THE INVENTION 



It is therefore an important object of the present invention to provide a target targe in thermal 
5 conductivity as well as electrical conductivity. 

It is also an important object of the present invention to provide a target which is large in mechanical 
strength and, accordingly, less liable to be destroyed. 

To accomplish these objects, the present invention proposes to disperse metal copper into a quaternary 
and/or quinary oxide used for formation of a superconductive film. The metal copper is conducive to 
io improvement in thermal conductivity, electric conductivity as weil as in mechanical strength. 

In accordance with one aspect of the present invention, there is provided a target used in a sputtering 
system for forming a thin film of a quinary superconductive oxide, comprising a quaternary complex oxide 
containing elements selected from the elements of said quinary superconductive oxide and metal copper 
ranging between about 8 % and about 40 % by volume, wherein the metal copper is dispersed into the 
rs quaternary complex oxide. 

In accordance with another aspect of the present invention, there is provided a target used in a 
sputtering system for forming a thin film of a quinary superconductive oxide, comprising a quinary complex 
oxide containing all of the elements of said quinary superconductive oxide and metal copper ranging 
between about 8 % and about 40 % by volume, wherein said metal copper is dispersed into said quinary 
20 complex oxide. 

The copper content is fallen within the range from about 8 % to about 40 % by volume. This is because 
_x « * u — i. — — — ^on*ar>f face than p °/~ ran not ^rhifivft an effective cooiina efficiency for 

VJI IMC IdUl LI I a I CUty >*v;mwtii .ww« v..— . — — ■ * - 

restriction of the difference in temperature between both sides, a low electric resistivity acceptable to a 
current d.c. sputtering system, and a flexural strength preventing the target from destruction. If the copper 

25 content is increased over 40 % by volume, the copper is too much to form a complex oxide with the 
composition desirable for achievement of the superconductivity. The problem in the excess copper content 
is especially eminent in the presence of the copper oxide contained in the target. 

The target may contain both quaternary and quinary complex oxides and is allowed to contain axopper 
oxide equal to or less than 20 % by volume. 

30 The quaternary complex oxide may be in either thallium- barium-calcium-oxide or bismuth-strontium- 
calcium-oxide system, and the quinary complex oxide may be in either thallium-barium-calcium-copper- 
oxide or bismuth-strontium-calcium-copper -system. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Thaliium-Barium-Calcium-Copper-Oxide System 

<*0 

in order to produce a target according to the present invention, it is necessary to prepare various 
mixtures in the thaliium-barium-caicium-oxide system and the thallium-barium-calcium-copper-oxide system 
the compositions of which are indicated in Table 1. Each of the mixtures is equal to or less than five 
microns in average diameter, and referred to as specimen designated by one of the numerals 1 to 11. 
4S Each of the mixtures are shaped into a disk configuration by using a vacuum hot-pressing technique, 
and the disk-shaped target is about 50 millimeters in diameter and about 4 millimeters in thickness. The hot 
pressing is carried out in a vacuum ambient of about 10~ 3 torr at about 750 degrees in centigrade for about 
three hours, and the mixture is pressurized at about 150 kgf/cm 2 . 

Other ingredient mixtures (which respectively consist of specimens 12 to 17) are prepared for the sake 
so of comparison.' The mixtures or the specimens 12 to 15 are out of the scope of the present invention due to 
the copper contents, and these mixtures are also shaped into the disk configuration by using the vacuum 
hot pressing technique. The conditions of the hot pressing are similar to those for the specimens 1 to 11. 
The specimens 16 and 17 are also out of the scope of the present invention, because no metal copper is 
contained therein. These mixtures without any metal copper are hot pressed in the similar ambient wtth the 
55 exception that the vacuum ambient is heated to about 850 degrees in centigrade. 

The thermal conductivity, the resistivity and the flexural strength are^ measured for evaluation of all of 
the targets formed of the specimens 1 to 1 7. The results are indicated in I abie 2. 

All of the targets are successively installed in a d.c. sputtering system, and, then, subjected to 
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bombardments of argon ions, respectively. Additionally, an r.f. magnetron sputtering system is alternatively 
usable for the deposition of the thin films. Thus, thin films are deposited to a thickness of about 2 microns 
on respective substrates. The sputtering conditions are as follows: 



w 



15 



Vacuum; 
Gas; 

Power; 
Substrate; 


1CT* torr to 1CT 1 torr, 

argon, (gaseous mixture of argon and oxygen (5 % to 50 %) 

are available) 

100 watts to 600 watts, 

magnesium oxide (MgO) substrates having rectangular top 
surface measuring about 100 millimeters x 100 millimeters. 


Heat appiication to the substrates; 




about 650 degrees in centigrade, (no heat application is 
acceptable) 


Distance between the target and the substrate; 




about 50 millimeters to about 130 millimeters. 



20 



25 



After the deposition of the thin films, the substrates are placed in a thailium (Tl) ambient of about 840 
degrees in centigrade for about 50 hours to carry out a heat treatment. After the heat treatment, the 
substrates are gradually cooled, and, thereafter, critical temperatures Tc ( or temperatures of zero 
resistivity) are respectively measured for all of the thin films by using the four prove method. 

The measured critical temperatures Tc are also indicated in Table 2. In Table 2, the target respectively 
produced by the specimens 1 to 17 and the thin films deposited by using the respective targets are labeled 
by the same numerals used for indication of the specimens, 
(blank) 



30 



35 



40 



45 



50 



55 
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Table 1 



s 



ts 



20 



25 



30 



35 



specimen 


Mixture (% by volume) 






Tl-Ba-Ca-(Cu)-0 system 




CuO 


Cu 




percentage by weight 










Tl 


Ba 


oa 




n 








1 


46.0 


30.9 


10.4 




residual 


residual 




17.2 


2 


46-0 


30.9 


•i f\ A 






residual 




34.2 


3 


29.1 


on n 

39.0 


1 / . 1 




icSlUUal 


residual 


17.1 


9.6 


4 


29.1 


39.0 


17.1 




resiauai 


residual 


4.3 


18.0 


5 


36.7 


24.6 


7.2 


17.1 


residual 


residual 




8.5 


3 


36.7 


24.6 


7.2 


17.1 


residual 


rc± e j H l is f 




12.3 


7 


39.5 


26.5 


7.8 


1^.J 


residual 


1 COIUUQ1 


3.2 


10.8 


g 


39.5 


26.5 


7.8 


1<£.o 


residual 


residual 


1 1 .8 


15.7 


Q 


46.0 


30.9 


10.4 




residual 


28 1 




37.4 




29.1 


39.0 


17.1 




residual 








1 fl 


29.1 


39.0 


17.1 




residual 


39.1 


6.8 


15.1 




36.7 


24.6 


7.2 


1 7.1 


residual 


r^QiHi iat 






1 1 

1 1 


^R 7 


OA. R 


7 P 


17.1 


residual 




12.5 


9.2 




39.5 


26.5 


7.8 


12.3 


residual 


ICOIU UQI 








46.0 


30.9 


10.4 




residual 


residual 




43.2 


13 


29.1 


39.0 


17.1 




residual 


residual 


17.1 


6.5 


14 


367 


24.6 


7.2 


17.1 


residual 


residual 




6.1 


15 


39.5 


26.5 


7.8 


12.3 


residual 


residual 


3.2 


44.1 


16 


36.7 


24.6 


7.2 


17.1 


residual 


residual 






17 


367 


24.6 


7.2 


17.1 


residual 


residual 


6.8 





40 



45 



50 



55 
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Table- 2 

















5 


Speci- 
men 


T.C. 
( Cal ) 
cm • sec -degree 


Resistivity 
(ohm- cm) 


Flexural 
strength 
(Kg/cm2 j 


Critical 
Temp. 
(Kelvin) 




1 


0.25 


8x1 0-6 


130 




120 


70 


2 


0.30 


3x1 0-6 


150 




80 




3 


0.10 


1 5x1 0-6 


146 




115 


75 


4 


0.25 


7x1 0-6 


135 




1 1 3 




5 


0.08 


20x1 0-6 


121 




118 




6 


0.11 


1 4x1 0-6 


143 




11 6 


20 


7 


0.1 1 


1 5x1 0-6 


137 




121 




8 


0.20 


1 0x1 0-6 


156 




87 




9 


0.35 


2x1 0-6 


145 




103 


25 


1 0 


0.18 


8x1 0-6 


137 




94 




1 1 


0.10 


1 8x1 0-6 


131 




89 


30 


1 2 


0.45 


2x1 0-6 


142 




60 




1 3 


0.01 


6x1 0-3 


67 




108 




1 4 


0.01 


5x1 0-3 


70 




1 0 5 


35 


1 5 


0.45 


2x1 0-6 


140 




58 




1 6 


0.01 


3 




70 


"88 


40 


1 7 


0.01 


5 




70 


1 1 4 




T.C. 


stands for " 


thermal conductivity" , 


and 


"degree" is in 



centigrade . 

45 



As will be understood from Table 2, the targets produced of the mixtures according to the present 
invention are improved in the thermal conductivity, the resistivity and the flexural strength in comparison 
with the targets produced of the mixtures out of the scope of the present invention. The targets of the 

so present invention are thus increased in the thermal conductivity, so that the targets are effectively cooled off 
so as to prevent the targets from production of the cracks. This results in prolonging the service time of 
each target, which in turn results in reduction of the production cost of the thin film. The resistivity is low 
enough to use the d.c. sputtering system, and this also is conducive to reduction of the production cost 
The large flexural strength enhances the operabiiity of each target, and the target is less liable to break. 

55 This further improves the production cost. 

Comparing targets produced of the specimens 13 and 14 with the targets of the present invention, it is 
understood that no improvement is achieved in the thermal conductivity, the resistivity and the flexural 
strength. The targets produced of the specimens 12 and 15 suffer from the low critical temperatures. 
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respectively, it is considered that the excess copper restricts the formation of the superconductive film. 



Bi smuth-Strontium-Calcium-Copper System 

5 

The process sequence for formation of the targets according to the present invention starts with 
preparation of various mixtures in the bismuth-strontium-calcium-oxide system and the bismuth -strontium- 
calcium-copper system the compositions of which are indicated in Table 3. Each of the mixtures is equal to 
or less than five microns in average diameter, and referred to as specimen designated by one of the 
to numerals 1 to 11. 

Each of the mixtures are shaped into a disk configuration by using a vacuum hot-pressing technique, 
and the disk-shaped target is about 50 millimeters in diameter and about 4 millimeters in thickness. The hot 
pressing is carried out in a vacuum ambient of about 10~ 3 torr at about 750 degrees in centigrade for about 
three hours, and the mixture is pressurized at about 150 kgf/cm 2 . 

is Other ingredient mixtures (which respectively consist of specimens 12 to 17) are prepared for the sake 
of comparison. The mixtures or the specimens 12 to 15 are out of the scope of the present invention due to 
the copper contents, and these mixtures are also shaped into the disk configuration by using the vacuum 
hot pressing technique. The conditions of the hot pressing are similar to those for the specimens 1 to 11. 
The specimens 16 and 17 are also out of the scope of the present invention, because no metal copper is 

20 contained therein. These mixtures without any metal copper are hot pressed in the similar ambient with the 
exception that the vacuum ambient is heated to about 850 degrees in centigrade. 

The thermal conductivity, the resistivity and the flexural strength are measured for evaluation of all of 
the targets formed of the specimens 1 to 17. The results are indicated in Table 4. 

All of the targets are successively installed in a d.c. sputtering system, and, then, subjected to 

25 bombardments of argon ions, respectively. Additionally, an r.f. magnetron sputtering system is alternatively 
usable for the deposition of the thin films. Thus, thin films are deposited to a thickness of about 2 microns 
on respective substrates. The sputtering conditions are as follows: 



Vacuum; 
Gas; 

Power; 
Substrate; 


10~ 4 torr to 10~' torr, 

argon, (gaseous mixture of argon and oxygen (5 % to 50 

%) are available) 

1 00 watts to 600 watts, 

magnesium oxide (MgO) substrates having rectangular top 
surface measuring about 10 millimeters x 10 millimeters, 


Heat application to the substrates; 




about 700 degrees in centigrade, (no heat application is 
acceptable) 


Distance between the* target and the substrate; 


| about 50 millimeters to about 130 millimeters. 



45 After the deposition of the thin films, the substrates are placed in the atmospheric ambient at 850 
degrees in centigrade for about 30 hours to carry out a heat treatment After the heat treatment, the 
substrates are gradually cooled, and, thereafter, critical temperatures Tc ( or temperatures of zero 
resistivity) are respectively measured for all of the thin films by using the four prove method. 

The measured critical temperatures Tc are also indicated in Table 4. In Table 2. the target respectively 

so produced by the specimens 1 to 17 and the thin films deposited by using the respective targets are labeled 
by the same numerals used for indication of the specimens, 
(blank) 
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Table 3 



10 



30 



specimen 


composition (by volume) 








Bi-Sr-Ca-(Cu)-0 system 




CuO 


Cu 




percentage by weight 










Bi 


Pb 


Sr 


Ca 


Cu 


0 








1 


53.2 




22.3 


10.2 




residual 


residual 




17.8 


2 


53.2 




22.3 


10.2 




residuat 


residual 




30.3 


3 


58.4 . 




16.3 


11.2 




residual 


residual 


18.8 


8.5 


4 


58.4 




16.3 


11.2 




residual 


residual 


7.3 


17.8 


5 


38.7 


9.6 


20.3 


9.3 


7.4 


residual 


residual 


_ 


9.5 


6 


38.7 


9.6 


20.3 


9.3 


7.4 


residual 


residual 


_ 


17.4 


7 


47.1 




19.7 


4.5 


14.3 


residual 


residual 


4.9 


12.2 


a 


47.1 




19.7 


4.5 


14.3 


residual 


residual 


10.9 


27.2 


9 


53.2 




22.3 


10.2 


_ 


residual 


28.1 




35.0 




58.4 




16.3 


11.2 




residual 


residual 






10 


53.2 


_ 


22.3 


10.2 




residual 


39.1 


2.0 


14.1 




38.7 


9.6 


20.3 


9.3 


7.4 


residual 


residuat 






11 


38.7 


9.6 


20.3 


9.3 


7.4 


residual 


43.0 


13.7 


9.0 




47.1 




19.7 


4.5 


14.3 


residual 


residual 






12 


53.2 




22.3 


10.2 




residual 


residual 




6.1 


13 


58.4 




16.3 


11.2 




residual 


residuat 


18.8 


45.3 


14 


38.7 


9.6 


20.3 


9.3 


7.4 


residual 


residual 




6.0 


15 


47.1 




19.7 


4.5 


14.3 


residual 


residual 


4.9 


42.1 


16 


47.1 




19.7 


4.5 


14.3 


residual 


residual 






17 


40.8 




17.1 


7.8 


18.6 


residual 


residual 


- 7.5 





40 



45 



50 
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Table 4 



speci- 
men 


T.C 

Cal 

(cm. sec.. degree) 


Resistivity 
(ohm* cm) 


Fiexural 
strength 
(Kg/cm2) 


Critical 
Temp. 
( Kelvin) 


1 


0.20 


10x1 0-6 


143 


103 


2 


0.35 


3x1 0-6 


127 


73 


3 


0.10 


25x1 0-6 


136 


85 


4 


0.20 


10x1 0-6 


150 


88 


5 


0.10 


20x1 0-6 


128 


104 


6 


0.21 


9x1 0-6 


133 


103 


7 


0.13 


1 7x1 0-6 


147 


82 


8 


0.27 


5x1 0-6 


125 


75 


9 


0.40 


2x1 0-6 


130 


97 


1 0 


0.16 


1 4x1 0-6 


135 


95 


1 1 


0.09 


22x1 0-6 


125 


90 


1 2 


0.01 


5x1 0-3 


63 


100 


1 3 


0.45 


2x1 0-6 


140 


57 


1 4 


0.01 


4x1 0-3 


70 


97 


1 5 


0.45 


2x1 0-6 


136 


53 


1 6 


0.01 


7 


85 


76 


1 7 


0.01 


1 


67 


101 



As will be understood from Table 4, the targets produced of the mixtures according to the present 
invention are improved in the thermal conductivity, the resistivity and the flexura! strength in comparison 
with the targets produced of the mixtures out of the scope of the present invention. The targets of the 
present invention are thus increased in the thermal conductivity, so that the targets are effectively cooled off 
so as to prevent the targets from production of the cracks. This results in prolonging the service time of 
each target which in turn results in reduction of the production cost of the thin film. The resistivity is low 
enough to use the d.c. sputtering system, and this also is conducive to reduction of the production cost. 
The large fiexural strength enhances the operability of each target, and the target is less liable to break. 
This further improves the production cost. 

Comparing targets produced of the specimens 13 and 14 with the targets of the present invention, it is 
understood that no improvement is achieved in the thermal conductivity, the resistivity and the fiexural 
strength. The targets produced of the specimens 12 and 15 suffer from the low critical temperatures, 
respectively. It is considered that the excess copper restricts the formation of the superconductive film. 

Although particular embodiments of the present invention have been shown and described, it will be 
obvious to those skilled in the art that various changes and modifications may be made without departing 
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from the spirit and scope of the present invention. 
Claims 

5 

1. A target used in a sputtering system for forming a thin film of a quinary superconductive oxide, 
comprising at least a quaternary complex oxide containing elements selected from the elements of said 
quinary superconductive oxide, characterized by metal copper ranging between about 8 % and about 40 % 
by volume, and in that said metai copper is dispersed into said quaternary complex oxide. 
to 2. A targeT usedln a sputtering system for forming a thin film of a quinary superconductive oxide as set 
forth in claim 1, in which said target further comprises a quinary complex oxide containing ail of the 
elements of said quinary superconductive oxide. 

3. A target used in a sputtering system for forming a thin film of a quinary superconductive oxide as set 
forth in claim 1 , in which said target further comprises a copper oxide equal to or less than about 20 % by 

15 volume. 

4. A target used in a sputtering system for forming a thin film of a quinary superconductive oxide as set 
forth in claim 2, in which said target further comprises a copper oxide equal to or less than about 20 % by 
volume. 
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© Sputtering target used for forming quinary superconductive oxide. 



© A target used for forming a thin film of a quinary 
superconductive oxide contains metal copper rang- 
ing between about 8 % and about 40 % by volume 
dispersed into a quaternary or a quinary complex 
oxide, and the metal copper improves the thermal 
conductivity and the electrical conductivity of the 
^ target, so that cracks are less liable to take place in 
5 the target and the target is applicable to a d.c. 

sputtering system, thereby decreasing the produc- 
***tion cost of the thin film. 
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